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1. Introduction 
Molecular endocrinology is a rapidly advancing 
field technically, conceptually and practically. Begin- 
ning with descriptions of the nature of steroid secre- 
tion, metabolism and clinical application, workers in 
this field moved on to establishing broad, theoretical 
hypotheses that became dogmatic to the extent of 
inhibiting further progress. The following equation: 
is related to the number of receptor sites. This last 
was later modified by the demonstration that all 
receptors need not be occupied in order to elicit an 
effect and that there is no strict relationship between 
receptor occupancy and biological response. 
Steroid t Receptor + S-R Complex + 
Nucleus + Response 
now forms the major pillar of any timely discussion 
on the mechanism of action of either of the five 
major’elasses of steroids. The concept of the receptor, 
first postulated by Ehrlich at the end of the 19th 
century and still valid as to the major conclusion, 
stated that the selective affinity of the ligand for 
certain organs is determined by the presence of a 
macromolecular receptor and the chemical compo- 
sition of the ligand. In the early part of the 20th 
century, Clark refined the concept of drug-receptor 
interaction by proposing that the intensity of response 
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The synthesis of tritiated steroid derivatives of 
high specific activity permitted the demonstration of 
specific hormone-receptor interaction when physio- 
logical, rather than pharmacological, doses of the drug 
were sufficient for subsequent detection of the com- 
plex. Armed with this potent and pioneering tool, 
workers have attempted, over the years, to delineate 
various aspects of steroid binding with reciprocal, log, 
or Scatchard plots. A vast variety of cell types, in vitro 
cultures and organ systems with altered physiological 
reactivity, have been employed to understand the con- 
tribution of the receptor in the regulation of host 
homeostasis. With ever-increasing sophistication in 
fractionation procedures, in recent years, many areas 
of biological research became amenable to closer 
scrutiny of the manner in which a specific process may 
initiate a given response. It is unfortunate, however, 
that until recently, receptor separation was mostly 
limited to sucrose density gradient or gel fractionation, 
both of which are based on the molecular weights of 
the component in question. This led to the generally 
accepted concept of a unitary receptor rather than the 
North-Holland Publishing Company - Amsterdam 165 
Volume 82, number 2 FEBS LETTERS October 1977 
possibility that the receptor may be comprised of a 
particularly complex protein capable of exhibiting 
polymorphism and heterogeneity. 
The present workshop formed the first forum 
devoted to the theme ‘Unitary versus Multiple’. It was 
intended mainly to discuss the role, the appearance 
and the significance of the multiple peaks, evident 
during physical fractionation of cytoplasmic and 
nuclear proteins, that exhibit receptor activity for 
steroid hormones. The discussion was divided into 
several, different, topic-centered themes with a view 
to clearly visualizing the actual state of the problem 
that could eventually spur further conceptual and 
practical effort. The interested specialist tackling a 
particular problem was therefore challenged by a lot 
of multiple disciplines and tools currently in vogue. 
In various studies, the glucocorticoid receptor was 
fractionated by ammonium sulphate precipitation, 
chromatography on hydroxyapatite, Sephadex, DEAE- 
cellulose or DEAE-Sephadex gels and by sucrose 
density gradient centrifugation. Purification and anti- 
body precipitation as well as affinity, capacity and 
specificity were analyzed in selected cases. 
As many as five different components were observ- 
ed by groups of both Chambaz and Litwack in chicken 
and rat livers, respectively. Artifactual heterogeneity 
in vitro versus collaboration of different binders to 
translocate the hormonal steroid to the nucleus, form- 
ed a subject of debate. It was pointed’out that the 
developing embryo may be a particularly useful tissue 
in this regard since only one component could be 
observed in the 16 day-old chick liver (versus five 
components in the adult). The presence of high affinity 
binders in the bovine adrenal was inconsistent with 
the finding that the binding component was not a 
receptor. The group of Schmid et al. reported four 
components of which some possessed greater affinity 
for synthetic steroids (dexamethasone) and others 
for natural analogues (cortisol) and this was con- 
firmed by de Kloet et al. in rat, brain, pituitary and 
hippocampus and by Agarwal in a number of rat 
tissues. 
The first part of the discussion was devoted to the 
theme: do natural versus synthetic steroids bind to the 
same protein. In vitro differences in this context 
were reported by groups of Agarwal, de Kloet and 
Schmid with the glucocorticoid receptor. It was point- 
ed out that in vitro binding may not be a good crite- 
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rion for the situation in vivo (as evident by behavioural 
studies of de Kloet), that heterogeneity of cell popu- 
lations in a given tissue may create an impression of 
multiplicity both in the brain (de Kloet) and endo- 
metrial stroma versus the epithelium (Cleary), that 
the animal never comes in contact with synthetic 
derivatives during either ontogeny or phylogeny, and 
that varying rates of association/dissociation may 
lead to a functional heterogeneity of the same 
physical protein unit. 
Technical separation formed another subject of 
general discussion. Sucrose density gradient analysis 
has been the classical tool of the molecular biologist. 
Most authors had utilized this technique at some 
point or another. Whereas Jordan argued in favour of 
the vertical tube rotors by demonstrating increased 
ligand dissociation during prolonged centrifugation 
periods required for resolution of [3H]tamoxifen- 
receptor complex in swinging-bucket rotors, 
Sussmann indicated diminished resolution in the 
vertical-tube rotor, which nevertheless, (a) minimizes 
the centrifugation time and (b) permits an increased 
number of analyses in the same run. 
In vitro conditions for chromatography may alter 
the behaviour of a given receptor. Andreasen showed 
that rat thymocyte glucocorticoid receptor under- 
went a fast ionic strength-dependent change, and a 
slower, temperature-, ion- and cytosol concentration- 
dependent change, both increasing the partition 
coefficient of the complex in an aqueous dextran- 
polyethylene glycol two-phase system. Conversion 
from an inactive B to an active A form was observed 
by Norris et al. for both the glucocorticoid and the 
androgen receptor from the hamster ductus deferens 
tumour cell line (DDTr). 
Further heterogeneity was observed in the presence 
of urea during sucrose gradient centrifugation. The 
importance of ion selection for chromatography was 
indicated by Agarwal for both the gluco- and the 
mineralo-corticoid receptors when IO-fold greater 
KC1 concentrations were required for elution of a 
given component as compared to the phosphate-con- 
taining buffer. 
Shamala pointed out that free estrogens would 
bind to DEAE columns and as much as 0.1 M KC1 
buffers are needed to elute them. Furthermore, 
aggregation, disaggregation and isomerization may 
influence receptor behaviour in vitro. Although 
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rechromatography of various peaks may eliminate As to the concentration, cervical carcinomas never 
doubts about the macromolecular nature of the bound showed 8 S estrogen receptor and only low pro- 
hormone, this same procedure could also remove low gesterone receptors. High concentrations of both 
molecular weight materials that activate these receptors were observed in the endometrial carcinoma 
receptors (Noriis). In fact, receptors activated by ions, but these were low in ovarian tumours. Human 
temperature or enzymatic action could elute in posi- mammary tumours contained the 8 S species of the 
tions distinct from the non-activated form. It was estrogen receptor along the with progesterone receptor 
pointed out that techniques such as Sephadex G-200 (Daxenbichler et al.). The 8 S form of the estrogen 
and sucrose gradients, based only on differences in and the 4 S form of the progesterone receptor appeared 
molecular weights, could be misleading since monomers to be the predominating components in the study of 
of comparable dimensions can exhibit different Tobin et al. and these could be correlated with clinical 
physicochemical properties. response to surgical ablative therapy. 
With respect to the cofactors, temperature, ions, 
low molecular weight inhibitors (or activators), in 
vitro proteolysis and receptor transformation factor, 
could all provoke an impression of multiplicity by 
altering the receptor protein in an unforseen manner. 
These various parameters must be taken into account 
when attempting to explain multiplicity in individual 
studies. Unfortunately, an investigator is most often 
concerned with only a limited problem of choice. 
The physiological significance of receptor multi- 
plicity was a point of particular importance. Does 
physiological complexity necessitate duplication and 
redundancy of the control mechanism for informa- 
tion transfer in the integrated organism? Or is multi- 
plicity, perhaps, merely an expression of the state of 
physiological responsiveness dictated by the compo- 
sition of the internal environment? 
Molecular heterogeneity in the uterine estradiol 
receptor in vitro was suggested by Erdos to result 
from homo- or hetero-association with specific or 
non-specific proteins, configurational changes and 
proteolytic cleavage; it was indicated that the presence 
of denaturing solvents and chaotropic salts during in 
vitro fractionation can yield further valuable infor- 
mation. Shyamala also indicated ‘activation’ of 4 S 
estrogen-binding proteins via conformational changes 
with further conversion to a 5 S form in presence of 
high temperatures. As to the uterine progesterone 
receptor, Faber showed the existence of a 4.5 S 
species in solutions of high ionic strength, a 5.5 S and 
a 7 S form in low ionic strength media and conversion 
of 7 S to 5.5 S upon dilution and warming. 
One way to test the relationship between multiple 
receptor peaks and host physiology would be to use 
an antagonist with no agonist activity (Rossier). Citing 
the work of Marver, Funder indicated that no nuclear 
transfer of binding to isolated chromatin could be 
demonstrated with mineralocorticoid receptor tagged 
with the antagonist spironolactone; secondly, the 
normal high and low salt forms of the mineralo- 
corticoid receptor could not be observed with mineralo- 
receptor-spironolactone complex. 
The concentration of estrogen and of progesterone 
receptors was not significantly different in leiomyomas 
as compared to the normal tissue; the former exhibited 
higher capacity for estrogen receptor at 25°C than at 
0°C whereas normal myometrium showed a decrease 
in estrogen-binding sites after incubation of cytosol 
for 12 h at 25°C instead of 12 h at 0°C. 
The importance of temperature in binding studies 
was also noted by Duval who suggested a temperature- 
dependent transconformation based on specificity and 
on dissociation rates of the dexamethasone binders 
in rat thymocytes. 
The similarity between the foetal and the neoplastic 
states has previously been well documented by derepres- 
sion of genes for a-foetoprotein and several other 
antigens during these two states whereas there are 
suppressed in the normal individual. In addition, in 
terms of hormone responsiveness, transfer RNA pro- 
files, synthetase or methylase activities, the foetal 
and the neoplastic states show a great resemblance. 
One may ponder whether receptor profiles in these 
two states are comparable and whether selected sub- 
species of any given receptor might appear in one type 
of tissue as compared to the other. Despite several 
presentations on the neoplastic tissue, the only thing 
one could glean was that the lactating mammary 
gland was the same in receptor behaviour as the 
mammary gland cancer in the human (Daxenbichler) 
although no differences between normal versus 
lactating gland were observed in the mouse on the 
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basis of DNA (Shamala). It was however pointed out 
that the ratio between the levels of hormone in blood 
versus tissue may be an important factor in the expres- 
sion of receptor activity in various states of develop- 
ment , differentiation and neoplasia. On the whole, 
there was a great reticence about arriving at a distinc- 
tion between the two obvious alternatives: 
dealing with a very complex protein and the level 
of technical sophistication does not warrant une- 
quivocal conclusions. Thus, multiplicity could mean 
multiple things to a multitude, where multiple 
hypotheses, tenets, views could be picked up according 
to one’s own emphasis. 
(i) Is multiplicity a reflection of differences in the 
state of physiological responsiveness. 
(ii) Does change in receptor function trigger altera- 
tion in physiological homeostasis? 
In conclusion, there was no general consensus to 
distinguish between the alternatives: one protein - 
one binding site, one protein - different binding sies 
or different proteins. Consideration of various points 
evoked during this workshon. however. could lead to . , 
It was suggested (Faber) that one is probably a more objective analysis of the problem at hand. 
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